A bibliometric approach is used in this study for the assessment of greenhouse gas (GHG) 
GREENHOUSE gases (GHGs) are important constituents in the atmosphere that can absorb solar radiation and re-emitted radiation 1, 2 . GHG emissions lead to global warming, sea-level rise 3, 4 , extreme weather and change in agricultural pattern 5 . The major constituents of GHG are carbon dioxide (CO 2 ), methane (CH 4 ) and nitrous oxide (N 2 O). The main sources of GHG emission are burning of fossil fuels, solid waste degradation, biological respiration and agriculture soil [6] [7] [8] [9] . The study of GHGs has become a hot topic of global research.
As human activities continue to cause an increase in GHG emissions, the earth's surface temperature is expected to rise, causing the global climates to change 10 . More and more countries/territories have joined the study of GHGs, but there is a gap between developing countries and developed countries on GHG research 11 . However, in the past few years many developing countries are being involved in GHG research. Furthermore, more scientific research articles are being published from these countries on the reduction of GHG emission, carbon sequestration, biotechnology and energy applications [12] [13] [14] . There are a variety of statistical analysis methods to assess scientific literature data. Bibliometric study is one such method; it is convenient and quick to evaluate data 15, 16 . This method is widely used in the literature analysis of different hotspots in scientific research 17 . The indicators of bibliometrics, which include the types and languages of articles, characteristics of articles published, source countries/territories of articles, distribution of articles in subject categories and journals, frequency/ number of title words, author keywords used and keywords plus, have been widely used to analyse the trends of different scientific research fields 11, [18] [19] [20] . The present study aims to analyse the status and trends of GHG research in the last 15 years on a global scale. The analysis of data shows some important research hotspots related to GHG. The changing trend of the research on GHG in different countries/territories is analysed. This study will help to understand the development of global GHG research. 
Datasets and methods
The data for this study are obtained from the Science Citation Index Expanded (SCI-EXPANDED) database, which is widely used to analyse scientific publications 21 . This is a sub-database of the Web of Science (WoS) database of Thomson Scientific, USA. 'Greenhouse gas*' or 'greenhouse gas*' was used as the string to search titles, abstracts, keywords and other information regarding papers from 2000 to 2014. The records were then downloaded to a local disk. The collected data were examined carefully to ensure their accuracy. Then the data were analysed using Microsoft Excel 2010. For the analysis, England, Scotland, North Ireland and Wales were grouped under the United Kingdom. Articles from Taiwan were not included under China.
Results and discussion

Types and languages of publications
There were 21,378 papers related to research on GHG in the SCI-EXPANDED database, including 11 types of papers. Articles (18,847) accounted for 88.16% of the total amount of papers, followed by reviews (1795; 8.40%), proceedings papers (1145; 5.36%), editorial materials (273; 1.28%) and news items (225; 1.05%). The others included meeting abstracts (118), book chapters (100), letters (79), corrections (36) , book reviews (4) and reprints (1) . The contribution of articles was the maximum; so they were used for further data analysis. On the other hand, English was the most widely used language, accounting for 98.37% of all published articles. 
Characteristics of articles published
Publication distribution from countries/territories
There are 144 articles without any address information related to the authors in WoS and 18,703 articles are from 153 countries/territories. The number of countries/ territories participating in GHG research is shown Figure  2 , indicating notable increasing trend during 2000-2014. Such increasing trends indicate that GHG research has received attention from several countries/territories. Table 2 lists the top 20 countries/territories with respect to the number of articles published from 2000 to 2014. The seven most developed industrialized countries (G7), i.e. USA, UK, Canada, Germany, France, Japan and Italy are in the top 10. In the three different 5-year periods, USA and UK published the most number of articles; they are always in a leading position. The percentage of articles from Canada decreased slightly during the period from 2000 to 2014. However, for Italy and Spain, the percentage of articles in the last 15 years showed a steady growth trend. In many fields of scientific research, G7 countries are in the dominant position in the publication of articles 22 , reflecting correlations of economic development and academic levels of these countries 23 . In addition, three of BRIC countries, i.e. China, India and Brazil are in the top 20 and show notable growth. Especially for China, the number of articles showed a rapid growth trend among BRIC countries, while Russia was ranked the 22th place during 2000-2014. With regard to the total number of SCI articles, China was ranked third place in the third five-year period from 2010 to 2014, and fifth place during the entire period from 2000 to 2014. This may be attributed to the rapid development of science and technology and rapid growth in the economy over the past few decades 11, 24, 25 .
Distribution of articles in subject categories and journals
There are about 100 subject categories related to the study of GHGs in the Journal Citation Reports (JCR) of the ISI. Table 3 lists the top 20 subject categories TA, Total number of articles from 2000 to 2014; R (%) Rank and percentage of articles published in different subject categories per five years; (+,++,+++) increasing trend and (-,--,---) decreasing trend. 26, 27 . Stability and distribution of world food production are under the influence of GHG emissions 28 . So the subject category of agriculture received more attention during the entire period. Agricultural soils are also the main source of GHG emission [29] [30] [31] . It is estimated that each year, 5-20% of CO 2 , 15-30% of CH 4 and 80-90% of N 2 O in the air are emitted from soils 32 . The percentage of articles for biotechnology and applied microbiology increased from 1.88 to 3.99, indicating that biotechnology and microbiology are widely used in energy and fuels for bioenergy research and development 33, 34 . Besides, biotechnology and applied microbiology has been a hot research topic during the study period. However, significant decrease in percentage was observed for the following categories: meteorology and atmospheric sciences, geology, and construction and building technology.
In the past 15 years, 18,847 articles were published in 1919 different journals. Table 4 ). These observations indicate that countries around the world pay more and more attention to low-carbon energy policy, energy consumption, energy exploitation and sustainable development of the ecological environment 35, 36 .
Analysis of title words
The titles of articles contain key information that the authors wish to express. Therefore, every word in the title can be used to analyse the development trends of GHG research. Title words like, 'the', 'a', 'and', 'analysis', 'study' etc. are not used for analysis. The name of countries/territories in the titles of articles is also not used for analysis. Table 5 shows the top 30 highest frequency of title words used, their percentage of the total number and rank. In addition, title words with similar meaning, e.g. 'emission' and 'emissions', 'gas' and 'gases', are grouped into 'emission' and 'gas' respectively. Except the following two words 'greenhouse' and 'gas', 'emission', 'climate', 'impact', 'carbon' and 'change' showed the highest frequency in article titles during the 15-year study period, indicating that research on climate change and carbon emission has been the hot topic in recent years. The words 'emission', 'gas', 'greenhouse', 'climate' and 'impact' were in the top position during the entire study period; most of them increased rapidly, except for 'climate' which decreased slightly. Two words, 'carbon' and 'energy' in the top 10 also showed a large increase, which reflects that more fossil energy consumption resulted in an increase in carbon emissions and the greenhouse effect has been more obvious in the past 15 years. CH 4 , CO 2 and N 2 O also appear in the top 30 highest frequency of title words, because the three gases contribute up to 80% of the greenhouse effect 37 . The word 'soil' is also ranked among the top 30. As mentioned before, soil is one of the sources of GHGs. 'Life', 'cycle' and 'assessment' can be grouped into 'life cycle assessment (LCA)', and the three words are ranked in the top 30; at the same time, rapid growth occurred in them. LCA is an environmental assessment tool, which attracts concern on GHG 38, 39 .
Analysis of author keywords and keywords plus
As keywords in the articles present effective and valuable information, they can be used to analyse research trends. The method of analysing keywords is effective to evaluate and predict the development of research topics 11 . (20, 123 ) was used only once; this reflects a lack of continuity in the study and also the research focus is different 40 . Table 6 lists the highest frequency of top 30 author keywords used in the 15 years of study.
Except for the word 'greenhouse gas', the two most frequently used keywords are 'climate change' and 'greenhouse gas emission'; these two words are closely related. Methane (CH 4 ) and nitrous oxide (N 2 O) are two important GHGs and put great pressure on greenhouse effects. Methane accounts for 15% of the greenhouse effect 32 , it ranks fourth in Table 6 . Nitrous oxide contributes up to 5% of the greenhouse effect; it ranks sixth in Table 6 . Greenhouse potential of methane is 21-23 times that of carbon dioxide 32 and the greenhouse potential of nitrous oxide is 296-300 times that of carbon dioxide 41 . As mentioned before, carbon dioxide is the most important GHG, it is ranked seventh in the top 30 highest frequency of author keywords during the entire study period. The keywords 'life cycle assessment' had the most significant growth from 0. LCA is one of the most widely used products and systems 42 , which aims to improve the environmental protection and can be used in different areas related to environmental protection. The author keywords 'carbon sequestration' is ranked ninth in Table 6 . Carbon sequestration is a technology to reduce carbon in the atmosphere; it includes the process of carbon capture separation of carbon dioxide from the atmosphere, and long-term safe storage 43 . The development of the technology of carbon sequestration indicates that more new methods are being used to reduce GHG emission. Many keywords related to energy are mentioned, such as 'biofuels', 'biomass', 'bioenergy', 'biodiesel' and 'biogas'; this indicates that more biotechnologies are used in the study of new energy. The research of new energy contributes to reduce the dependence on fossil energy, and reduce the pressure on the environment.
Keywords plus is a supplement for the title words and the author keywords, and it can also reflect information that the author wishes to express 44 . Table 7 lists the highest frequency of top 30 keywords plus used in the 15 years of study. An analysis of keywords plus, reveals similar words between author keywords and keywords plus. As with the author keywords, 'green house gases', 'climate change', 'greenhouse gas emission', 'methane', 'life cycle assessment', 'nitrous oxide', 'carbon dioxide', 'energy', 'denitrification', 'agriculture', 'emissions', 'carbon' and 'biomass' also appears in the top 30 frequently used keywords plus. The growth rate of keywords plus 'Greenhouse gas emission' is fastest (Table 7) .
Conclusion
In this study, information has been obtained about the trends of GHG research during the period from 2000 to 2014. The number of published articles and participating countries/territories in this research have increased rapidly in these 15 years. There are 18,847 articles published in 1919 journals involving 100 SCI subject categories. Research in the fields of GHG is concentration in the fields of environmental sciences and ecology, engineering, energy and fuels and agriculture. Meanwhile, more attention was paid to biotechnology and applied microbiology in the last 15 years. The journal Energy Policy published the most number of articles. The G7 countries played a predominant role in GHG research and published the most number of articles. However, their growth rate was slower than BRIC countries in last 15 years and their contribution decreased slightly per five-year period. On the contrary, the growth rate of BRIC countries was fast and their contribution increased slightly. It can be concluded that developing countries paid more attention to GHG research. Greenhouse effect has become a common concern for both developing and developed countries.
Title words like 'emission', 'climate', 'impact', 'carbon' and 'change' were the five most frequently used in the 15 years period, which indicates that on climate change and carbon emission are hot topics in GHG research. The analysis of author keywords and keywords plus shows that 'greenhouse gas emission' is one of the most frequently words used through the 15 years period. 'Carbon sequestration' and 'biotechnologies' are recent major topics of reducing carbon emission. Thus this study may help in the field of greenhouse gas research to understand the development state of global greenhouse gas research, and make an accurate predict for greenhouse gas research.
